This study sought to study stent thrombosis with the paclitaxel-eluting Taxus stent.
Stent thrombosis after placement of a bare-metal stent (BMS) occurs in 1.0% to 1.9% of patients (1, 2) , typically within the first month after stenting (2) . Bare-metal stent thrombosis has been related to stent underexpansion (3), residual dissection (1, 4) , low ejection fraction (4), stent length (1), nonuse of thienopyridines (5, 6) , possibly impaired response to antiplatelet therapy (7) , and the stress of noncardiac surgery (8) , and results in myocardial infarction or death in a high percentage of patients (1) . Drug-eluting stents (DES) provide clinical benefit by retarding smooth muscle cell replication and extracellular matrix production leading to restenosis, but may delay endothelial healing and heighten the risk of subsequent thrombosis (9, 10) . Drug-eluting stent thrombosis has been reported with approximately similar incidence to that with BMS (11, 12) , and in addition to the aforementioned factors, has been associated with premature antiplatelet therapy discontinuation, renal failure, bifurcation stenting, and diabetes (12) . Occasional very delayed stent thrombosis has been described (13) . Previous studies examining the frequency and predictors of stent thrombosis after use of a DES have been restricted by modest sample size, limited follow-up duration, and often the lack of patient-level data. We therefore examined the occurrence of stent thrombosis with the paclitaxel-eluting Taxus stent (Boston Scientific, Natick, Massachusetts) and its bare metal equivalent from a large and very well-characterized clinical investigation population followed up for up to 3 years.
Methods
Study population. The randomized TAXUS II, IV, V, and VI studies, conducted between June 2001 and March 2004, and previously described in detail (14 -17) , enrolled increasingly complex patient and lesion populations to study the benefit of Taxus stents compared with the otherwise identical BMS from which they were derived. Notably, patients presenting with acute myocardial infarction, chronic renal insufficiency, in-stent restenosis, lesions in diseased vein grafts, bifurcations, lesions with ostial location, or lesions with visible thrombus were consistently excluded. At the time of hospital discharge, aspirin Ն75 mg (Ն324 mg in TAXUS IV and V) daily was recommended indefinitely, and clopidogrel 75 mg daily was recommended for at least 6 months. Characteristics of the individual trials are provided in Table 1 . Follow-up is currently available through 3 years for TAXUS II and IV, through 2 years for TAXUS VI, and through 1 year for TAXUS V. One patient randomized to the control arm of TAXUS VI and who had a stent thrombosis on day 21 did not receive a study stent and therefore is excluded from this analysis. Definitions. Stent thrombosis was consistently defined in all trials as the occurrence of any of the following: 1) an acute coronary syndrome with angiographic evidence of thrombosis at the stented site; 2) in the absence of angiographic confirmation, acute myocardial infarction in the distribution of the treated vessel; or 3) sudden cardiac death within the first 30 days of stent implantation without other obvious cause. A Clinical Events Committee blinded to treatment assignment reviewed and adjudicated all possible stent thrombosis-related events and did override the definitions to assign a presumed stent thrombosis to 1 case of sudden death after 30 days. Stent thromboses were categorized as early (Յ30 days) or late (Ͼ30 days). In addition, the late cases were subdivided into a very late category (Ͼ180 days), which corresponds to the period beyond the protocol-mandated duration of clopidogrel use. Statistical methodology. Data are presented as mean Ϯ standard deviation. Between-group comparisons of event rates were made using the Fisher exact test. Data for the slow-and moderate-release formulations of the Taxus stent were tested for between-group differences and were combined for comparison with BMS when no apparent differences (p Ͼ 0.10) were observed. Time-to-event data were calculated with Kaplan-Meier methodology and compared with the log-rank test. Independent predictors of stent thrombosis were determined using multivariate Cox proportional hazard regression models. Adjustments for baseline characteristics were made. Subjects who were alive at the start of each time interval (defined for early stent thrombosis as Յ30 days, late stent thrombosis as 30 to 180 days, and very late stent thrombosis as Ͼ180 days) were included in the analysis group. Patients were not censored from inclusion in the later time periods if they had earlier stent thrombosis, but stent thromboses were counted only once during each of the 3 time periods. Candidate variables are listed in the footnote of analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, North Carolina).
Results
Incidence and timing of stent thrombosis. Of 3,445 randomized patients, 1,718 were assigned to paclitaxeleluting stents and 1,727 to BMS. There were no differences in the baseline clinical or angiographic characteristics between the 2 study groups ( Table 2 ). There were also no differences in the rates of use of aspirin and thienopyridine agents at hospital discharge and during long-term follow-up between the 2 groups ( Figure 2 . There was no statistical excess in stent thromboses in the Taxus group compared with the BMS group over the entire 3-year follow-up period or within the first 6 months (Kaplan-Meier event rates at 6 months: 0.64% control and 0.58% Taxus, p ϭ 0.84; at 3 years: 0.76% control and 1.28% Taxus, p ϭ 0.26). During Numbers are percent of patients with characteristic or mean Ϯ SD. *p-values for categorical data are from Fisher exact test. p values for continuous data are from 2-sample t test. †TAXUS IV and TAXUS V de novo had a 4-month follow-up; TAXUS II and TAXUS VI had a 6-month follow-up. ‡TAXUS II did not include a 9-month follow-up. LAD ϭ left anterior descending artery; MI ϭ myocardial infarction; MLD ϭ minimum lumen diameter; RVD ϭ reference vessel diameter.
the prespecified very late period between 6 months and 3 years, there were a total of 8 (0.47%, 8 of 1,718) stent thromboses in the Taxus group and 1 (0.06%, 1 of 1,727) in the BMS group (p ϭ 0.049), however. Of the 8 very late stent thromboses occurring beyond 6 months in the Taxus group, 5 occurred in the slow-release group and 3 occurred in the moderate-release group. Thus, the rate of very late stent thrombosis was 0.37% (5 of 1,369) with the slowrelease formulation and 0.86% (3 of 349) with the moderate-release formulation (p ϭ 0.21). Three-year freedom from all death and myocardial infarction was similar between the Taxus and control groups (97% vs. 97%, p ϭ 0.88; and 93% vs. 94%, p ϭ 0.96, respectively). Three patients had multiple stent thrombosis: 1 Taxus patient at days 317 and 558, and 2 control patients at days 1 and 4, and days 0.9 and 13. Correlates of stent thrombosis. A comparison of baseline demographics, lesion characteristics, and treatments rendered between patients with (n ϭ 30) and without (n ϭ 3,415) stent thrombosis is provided in Table 3 . Patients with stent thrombosis were more likely to be male, to have multiple nonoverlapping stents implanted, to smoke, and to initially present with unstable angina. As noted in Table 4 , clopidogrel or ticlopidine use at 1 month was less frequent in patients with versus in those without stent thrombosis (88.5%, 23 of 26 vs. 98.8%, 3,343 of 3,384, respectively, p ϭ 0.004). Reasons for not taking thienopyridines at 30 days in patients with stent thrombosis were protocol violation (n ϭ 1), and diagnosis of gastric carcinoma shortly after the index procedure (n ϭ 1) and emergency colectomy at day 30 (n ϭ 1), both of which required antiplatelet therapy withdrawal. In these 3 patients, stent thrombosis occurred on days 0, 5, and 38, respectively. Conversely, stent thrombosis developed in 3 of 43 patients (6.98%) who were not taking clopidogrel or ticlopidine at 1 month, compared with 23 of 3,366 patients (0.68%) who were taking clopidogrel or ticlopidine at 1 month (p ϭ 0.004). At 4 to 6 months, this disparity in medication use was no longer present, with 93.5% (3,156 of 3,374) of patients without stent thrombosis and 90.0% (18 of 20) of stent thrombosis patients taking thienopyridines (p ϭ 0.38). This use decreased to 54.3% (1,504 of 2,772) in patients without stent thrombosis and 76.9% (10 of 13) of stent thrombosis patients at 9 months (p ϭ 0.16).
Univariate correlates of stent thrombosis during the 3-year follow-up period were nonuse of clopidogrel/ ticlopidine at hospital discharge, smoking, male gender, multiple nonoverlapping stents, age, and unstable angina at initial presentation (Table 5 ). Multivariate regression analysis identified clopidogrel/ticlopidine nonuse, male gender, and smoking at the time of stent implantation, but not Taxus stent implantation, as significant correlates for stent thromboses occurring during the 3-year period. Notably, clopidogrel/ticlopidine nonuse, smoking, and multiple nonoverlapping stents were significant predictors for early (Յ30 days) stent thrombosis.
The only independent correlate of late stent thrombosis (Ͼ30 days) was a major adverse cardiac event (MACE) occurring within 30 days of the original procedure (1 Taxus patient with stent thrombosis on day 408 had a Q-wave myocardial infarction on day 0, and a second Taxus patient with stent thrombosis on day 519 had a Q-wave myocardial infarction on day 1). A weak trend was present toward Taxus stent use as an independent predictor of late stent 
Baseline and Procedural
Characteristics by Stent Thrombosis *p value compares no stent thrombosis versus stent thrombosis overall using the Fisher exact test. †Early stent thrombosis is defined as occurring Յ30 days after stent implantation. ‡Late stent thrombosis is defined as occurring Ͼ30 days after stent implantation. §TAXUS IV and TAXUS V de novo had a 4-month follow-up; TAXUS II and TAXUS VI had a 6-month follow-up. ʈTAXUS II did not include a 9-month follow-up. All p values are from Cox proportional hazard model. *Early stent thrombosis is defined as occurring Ͻ30 days after stent implantation. †Late stent thrombosis is defined as occurring Ͼ30 days after stent implantation.Variables tested in models: patient characteristics ϭ age, gender, diabetes, clopidogrel/ticlopidine and aspirin use at discharge and 1 month, GP IIb/IIIa inhibitor use periprocedural, hyperlipidemia, hypertension, left anterior descending artery as target vessel, previous myocardial infarction, unstable angina, smoking, and type C lesion; procedural/lesion characteristics ϭ total stent length (site reported), lesion length (angiography), reference vessel diameter (angiography), minimum lumen diameter pre-procedure (angiography), minimum lumen diameter post-procedure (angiography), percent diameter stenosis post-procedure (angiography), multiple stenting, multiple overlapping stenting, multiple nonoverlapping stenting, minimum stent area post-procedure (intravascular ultrasound), and minimum lumen area post-procedure (intravascular ultrasound). MACE ϭ major adverse cardiac event. Clinical consequences of early and late stent thrombosis occurring up to 6 months after stenting. Early stent thrombosis resulted in 30-day rates of death in 29.4% (5 of 17) of patients, myocardial infarction in 76.5% (13 of 17), and target vessel revascularization (TVR) in 70.6% (12 of 17). The overall mortality of patients with early stent thrombosis was 41.2% (7 of 17), with a median follow-up duration after stent thrombosis of 6.2 months versus 3.2% (108 of 3,428) in patients without stent thrombosis (median follow-up duration of 25.9 months).
Univariate and Multivariate Predictors of Stent Thrombosis
The clinical correlates, timing, aspirin and clopidogrel use, and consequences of the 20 stent thromboses that occurred Ͻ180 days after stent implantation are listed in Table 6 . There were 2 BMS patients and 2 Taxus patients with stent thrombosis between 30 days and 6 months after stenting. Of these 4 patients, 2 patients (50.0%) died, 3 patients (75.0%) had a myocardial infarction, and 1 patient (25.0%) had a TVR. A 66-year-old man who received a BMS died suddenly 75 days after stent implantation. Because no autopsy was performed, the occurrence of stent thrombosis was presumed by the clinical events committee. A 51-year-old male Taxus slow-release patient who had a Q-wave myocardial infarction and angiographically confirmed stent thrombosis 38 days after the index procedure died during attempted TVR. Both aspirin and clopidogrel therapy had been discontinued for 4 days before the stent thrombosis for planned surgery. Description of patients with very late stent thrombosis beyond 6 months. The clinical correlates, timing, aspirin and clopidogrel use, and consequences of the 9 very late stent thromboses (Ͼ6 months after stent implantation) are listed in Table 7 . Eight Taxus patients and 1 BMS patient had a very late stent thrombosis (between days 317 and 988). No stent thrombosis occurred beyond 743 days in Taxus-treated patients. No patient was taking clopidogrel at the time of stent thrombosis. One patient had discontinued aspirin as well for surgery, whereas a second patient only used aspirin occasionally. At the time of stent thrombosis, myocardial infarctions occurred in 8 of the 9 patients (88.9%) with late stent thrombosis, including 7 Q-wave and 1 non-Q-wave infarctions, but none died. Six patients underwent a target lesion revascularization, and a seventh patient had a re-intervention remote from the target lesion (TVR rate 77.8%).
Seven of the 9 late stent thrombosis patients did not experience any further MACE after their thrombotic event (with median follow-up of 548 days). One Taxus moderaterelease patient had an additional Q-wave myocardial infarction and stent thrombosis 241 days after the first stent 
Discussion
The principal findings of this large meta-analysis of the prospective, double-blind, randomized controlled trials of Taxus paclitaxel-eluting stents versus BMS are as follows: 1) There seems to be no difference between the rates of stent thrombosis with the Taxus stent compared with its bare metal equivalent stent through approximately 6 months (incidence approximately 0.8% in both groups). 2) Between 6 months and 2 years an approximately 0.4% absolute excess risk of stent thrombosis with the Taxus stent was observed.
No stent thromboses occurred in Ͼ900 Taxus-treated patients followed up from postimplantation year 2 to year 3.
3) The risk of stent thrombosis seems to be associated with thienopyridine nonuse at the time of hospital discharge, male gender, smoking, and possibly the use of multiple nonoverlapping stents. Furthermore, there seems to be no significant difference in risk between the slow-release and moderate-release formulations of the Taxus stent, although the study sample was underpowered to detect small differences. Because only the slow-release formulation (which releases 3 times less paclitaxel than the moderate-release formulation) is commercially available, larger studies are required to define more accurately the point estimate of late stent thrombosis with the moderate-release stent. The results of multivariate analyses should be considered with caution because of the relatively small numbers of patients with stent thrombosis. 4) The consequences of stent thrombosis occurring either early or late after implantation remain grave with both DES and BMS, with high rates of death, myocardial infarction, and repeat revascularization. The incidence of Taxus-related early stent thrombosis in this study perhaps is modestly higher than, but generally in line with, that found by Moreno et al. (11) in their meta-analysis of DES. This difference likely reflects the considerably longer lesions and increased complexity in patients enrolled in the Taxus V and VI studies (which were not included in the review by Moreno et al. [11] ) (16, 17) , and possibly differences in the definition of stent thrombosis between studies (15, 18) . The modest number of patients (n ϭ 9) with very late (Ͼ6 months) stent thrombosis makes assessment of correlations difficult, and the results should be considered speculative and hypothesis generating. Certainly, the absence of clopidogrel therapy in all patients developing very late stent thrombosis is notable. However, it should be noted that the frequency of aspirin and clopidogrel use was not collected in patients without MACE after 9 months; as such, determination of the exact relationship between late antiplatelet agent usage and late stent thrombosis is not possible from this study. Patients surviving stent thrombosis also may have had their duration of therapy extended in attempt to prevent further events. The possible etiologic role of antiplatelet agent hyporesponsiveness in stent thrombosis also is not addressed by the present report. In this regard, studies relating patient "resistance" to aspirin and/or clopidogrel are provocative, but not yet definitive (7, 19) .
The results of the present study are important to consider in light of 2 recent reports. The BASKET-LATE (BAsel Stent Kosten Effektivitäts Trial-Late Thrombotic Events) randomized trial of drug-eluting stents versus BMS showed that for 746 patients who were MACE-free at 6 months, the incidence of late stent thrombosis between 6 and 18 months tended to be greater in patients assigned to sirolimus-eluting or paclitaxel-eluting stents rather than to BMS (2.6% vs. 1.3%, p ϭ 0.23) (20) . Secondly, investigators from the multicenter observational PREMIER (Prevention of Myocardial Infarction Early Remodeling) registry documented that 13.6% of 500 patients receiving DES discontinued clopidogrel within 30 days, a finding associated with a 10-fold increase in mortality at 1 year (21). These 2 studies suggest that the frequency of premature thienopyridine discontinuation and subsequent stent thrombosis may be even more prevalent in an unregulated, real-world environment than in highly controlled, randomized, clinical trials.
The devastating complications of stent thrombosis (1,2), together with the possible correlation of very late stent thrombosis with the absence of dual antiplatelet therapy, might make one consider prolonging the routine duration of poststent clopidogrel. However, that consideration must be balanced against the lack of firm knowledge, the bleeding risks (22) , and the costs associated with clopidogrel use. Platelet hyper-reactivity in the setting of hyperadrenergic states may also contribute to stent thrombosis. In this regard, antiplatelet agents were forced to be discontinued in some patients because of the need for surgery or hemorrhagic complications, after which stent thrombosis occurred. It is not clear that such situations could be avoided by recommendation of universal prolonged usage of a dual antiplatelet regimen. Clearly, more research is necessary to understand the relationship between aspirin and clopidogrel use, antiplatelet agent hyporesponsiveness (resistance), and the risk of stent thrombosis.
The rate of stent thrombosis is dependent on the definitions used. The current definitions might overestimate stent thrombosis as far out as 30 days and underestimate stent thrombosis after 30 days. Moreover, varying definitions of stent thrombosis have been used in studies evaluating other (non-paclitaxel-based) DES, and as such, comparison of these results with other trials is difficult. An optimized industry-standard definition is urgently needed. Nonetheless, it is of note that an excess rate of very late stent thrombosis of approximately 0.5% through 3 years has also been reported with the sirolimus-eluting stent compared with its bare metal equivalent in a similar meta-analysis of 4 pivotal trials with that device, at least using some definitions (23) .
